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polycation of polyheteroaromatlc compound ; and b) a polyanion of thermoplastic polymer, containing 
a sulfated alcohol group in the repeating structural unit, having film-forming properties. 
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This invention relates to a sheet-like heating element having excellent mechanical properties and high 
workability and to a process for preparing the same. 

As electric heating elements those comprising electrically conductiv polymer materials containing a poly- 
mer material and a conductive filler, such as carbon black and graphite, and those comprising a r sin such as 
5 polyester and a semiconductor such as indium oxide or gold deposited thereon are well known. However, these 
heating elements ail suffer of the problem that they cannot give a sufficient heating value at a low voltage, so 
that the thickness of the heating elements must be increased. 

Also known is a sheet-like heating element prepared by electrolytical polymerization of an electrically con- 
ductive aromatic polymer compound such as a polypyrrole or a reinforcing substrate with a view to improve 
10 mechanical properties of the heating element (Japanese Unexamined Patent Publication No. 279588/1988). 
However, this type of heating element also suffers of the problem that the manufacturing process becomes 
intricate since the electrically conductive polymer molecules must be polymerized onto the resin substrate. 

Another sheet-like heating element comprising a complex prepared by subjecting a thermoplastic resin 
film such as of polyvinyl chloride and a polymer having an isothianaphthene structure doped with an organic 
is acid anion such as of p-toluenesulfonic acid to electrolytic polymerization is known (Japanese Unexamined Pa- 
tent Publication No. 252089/1 987). However, this heating element involves intricate manufacturing process like 
the above sheet-like heating element and disadvantageousiy shows insufficient mechanical properties and 
workability including thermoformability. 

It is an object of this invention to provide a sheet-like heating element having excellent mechanical prop- 
20 erties including breaking strength and tensile strength at break, excellent workability including thermoform- 
ability and adhession to substrates and also excellent electrical properties including conductivity. A further ob- 
ject is to provide a sheet-like heating element with an improved power output and uniform heating of the sur- 
face. 

A first aspect of this invention is a sheet-like heating element of an electrically conductive polymer com- 
25 position comprising: 

a) a polycation of a polyheteroaromatic compound; and 

b) a polyanion of a thermoplastic polymer containing a sulfated alcohol group in the repeating structural 
unit thereof and having film-forming properties with or without support. 

A second aspect of this invention is a sheet-like heating element in the form of an electrically conductive 
30 polymer composition with or without support comprising 

a) a polycation of a polyheteroaromatic compound and 

b) a polyanion of thermoplastic polymer containing a sulfated alcohol group in the repeating structural unit 
thereof and having film-forming properties, whereby the element is connected with a positive and negative 
electrode. 

35 A third aspect of this invention is a process for preparing a sheet-like heating element, which comprises 
forming an electrically conductive polymer composition into a sheet with or without a support by means of a 
heat roll or a heat press. 

Afourth aspect of this invention is a process for preparing a sheet-like heating element, wherein a film of 
the electrically conductive polymer composition is subjected to a thermocompression bonding with a conduc- 
40 tive or resistant metal. 

A fifth aspect of this invention is the use of an electrically conductive polymer composition with or without 
support comprising 

a) a polycation of a polyheteroaromatic compound and 

b) a polyanion of thermoplastic polymer containing a sulfated alcohol group in the repeating structural unit 
45 thereof and having film-forming properties in the form of a sheet or film or a support coated with said poly- 
mer composition, which is connected with a positive and negative electrode as an heating element 

A sixth aspect of the invention is a process for heating the environment with a heat source wherein an 
electrically conductive polymer composition with or without support comprising 
a) a polycation of a polyheteroaromatic compound and 
so b) a polyanion of thermoplastic polymer containing a sulfated alcohol group in the repeating structural unit 
thereof and having film-forming properties is connected with two electrodes, and applying electrical power 
to heat the sh et-like heating element 
This invention will be described below in mor detail. 

As the electrically conductive polymer composition to be employed according to this invention, those de- 
55 scribed in EP-A-0 358 1 88 can be used. 

Itsh uldbeappr ciated that the polyheteroaromatic compound t b employed according to this invention 
means a homopolymer or a copolymer, containing a rep ating structural unit of heteroaromatic group. Such 
compounds are polymers having high molecular weights or ol igomers, provided that they ar solid at room tem- 
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perature and have film-forming properties. 

Suitable polyheteroaromatic compounds contain 1 to 3, preferably 1 hetero atoms selected from the group 
consisting of 0, S and N, and 5- or 6-membered rings, in which the carbon atoms are unsubstituted or substi- 
tuted with Ci-dealkyl, preferably with C r C 12 alkyl. Preferably, two of the carbon atoms are unsubstituted so 
as to allow an electrochemical polymerization to take place. The 5- or 6-membered ring is preferably selected 
from the group consisting of pyrroles, thiophenes, furans, 2,2'~bipyrroles, 2 ( 2'-bithiophenes, 2,2'-bifurans, thia- 
zoles, oxazoles, thiadiazoles and imidazoles. 

The polyheteroaromatic compound may particularly preferably be of a pyrrole represented by the formula: 




wherein R, and R 2 each and independently represent hydrogen or C^-C^alky!. and R 2 may be C,-C 12 alkyi, 
for example, methyl or ethyl, and preferably hydrogen The NH group in the pyrrole may be substituted with 
C r C 12 alkyl, preferably with C r C B alkyl. 

The composition to be employed according to this invention has a structural unit of thermoplastic polymer 
containing a sulfated alcohol group represented by the formula: 



— c-osof 



preferably in an amount of 0.1 to 0.5, and most preferably in an amount 0.2 to 0.4 per structural unit of the 
polyheteroaromatic compound. 

The sulfated alcohol group-containing thermoplastic polymer suitably employed according to this invention 
has a glass transition temperature of -200 to 350°C, more preferably -100 to 250°C as measured by differential 
scanning calorimetry (DSC). 

The polymerization degree of the thermoplastic polymer may be, for example, 5 to 10,000, preferably 10 
to 5,000, and most preferably 10 to 1 ,000. 

Such thermoplastic polymer preferably has a tensile strength of 5 MPa or more, particularly 20 MPa or 
more. The polymer may have a higher tensile strength of up to 1,000 MPa, preferably up to 500 MPa, most 
preferably up to 300 MPa, depending on the nature of the polymer. 

The molar ratio of the free alcohol group to the sulfated alcohol group in the thermoplastic polymer is, for 
example, 50:1 to 1:50, preferably 10:1 to 1:10. 

The sulfated alcohol group may be present at the terminal end position in the polymer backbone in the 
form of: 

Secondary^CH— O - OSO3 

at the side chain in the form of a primary-CH 2 -0-S0 3 -; or at the middle position in the form of: 

\ « 
Secondary^CH- O - OSO3 



or in the form of: 
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Tertiary -C — O- OSC^ 



The thermoplastic polymer can be derived from polymers containing different hydroxyl groups or mixtures 
thereof, for example, polyesters, polyester amides, polyurethanes, polyamides, polycarbonates and polyi- 
mides, obtained from hydroxyl-containing monomers; saponified polymers of vinyl esters or ethers; hydroxy- 
lated polyolefins such as polybutadiene, polyisoprene and chloroprene; polyacrylates or polymethacrylates 
containing hydroxyl groups in the ester moiety, polysiloxanes containing hydroxyalkyl groups, hydroxylated 
polyketones whose carboxyl groups are reduced or copolymers thereof; as well as copolymers of at least one 
monomer selected from the group consisting of vinyl alcohols, acrylates, methacrylates and diolefins with at 
least one comonomer selected from the group consisting of acrylonitrile, olefins, diolefins, vinyl chloride, vi- 
nylidene chloride, vinyl fluoride, vinylidene fluoride, styrenes, a-methylstyrene, maleic anhydride, maleimide, 
vinyl ethers and vinyl esters. 

The sulfated alcohol group-containing thermoplastic polymer is preferably derived from polymers selected 
from the group consisting of polyadducts of glycidyl compounds having on an average more than one epoxy 
group with a diol; homopolymers of hydroxyalkyl acrylates or methacrylates or copolymers thereof, homopo- 
lymers of butadiene, isoprene and chloroprene whose double bonds are hydroxylated or copolymers thereof; 
polyimidesof hydrogenated ketotetracarboxylic acids, especially of benzophenonetetracarboxylic acid; hydrox- 
yalkyl polysiloxanes; and polyesters, polyamides, polyurethanes and polyimides from C 4 -C 12 alkenylendiols or 
C 4 - C 12 alkenylenediamines whose double bonds are hydroxylated. 

The thermoplastic polymer may be, for example, an at least partially sulfated polyadduct of (a) a glycidyl 
compound which contains on an average more than one epoxy group; and (b) a diol containing the following 
group: 



— CH- 

in the polymer chain. 

The polyadduct is preferably derived from glycidyl compounds having on an average two epoxy groups in 
the molecule. 

Particularly suitable glycidyl compounds are those containing two glycidyl, P-methyl-glycidyl or2,3-epox- 
ycyclopentyl groups attached to a hetero atom (for example, a sulfur atom, preferably an oxygen or nitrogen 
atom). Such compounds are in particular bis(2,3-epoxycyclopentyl) ethers; diglycidyi ethers of polyhydric alh 
phatic alcohols such as 1,4-butanediol or of polyalkylene glycols such as polypropylene glycols; diglycidyi 
ethers of cycloaliphatic poiyols such as 2,2-bis(4-hydroxycyclohexyl)propane; diglycidyi ethers of polyhydric 
phenols such as resorcinol, bis(hydroxyphenyl)-methane ( 2,2-bis(p-hydroxyphenyl)propane(diomethane),2 l 2- 
bis(4 , -hydroxy-3 , ,5 , -dibromophenyl)-propane ) 1,2-bis- (p-hydroxyphenyl)ethane; bisflj-methylglycidyl) ethers 
of the above-mentioned dihydric alcohols or dihydric phenols, diglycidyi esters of dicarboxylic acids such as 
phthalic acid, terephthalic acid, AMetrahydrophthalic acid and hexahydrophthalic acid; N,N-diglycidyl deriva- 
tives of primary amines and amides and of heterocyclic nitrogen bases containing two nitrogen atoms and N,N- 
diglycidyl derivatives of di-secondary diamides and diamines such as N , N -d igl y cidy I aniline, N,N-diglycidylto- 
luidine, N,N-diglycidyl-p-aminophenylmethyl ether and N,N'-dimethyl-N ( N , -diglycidyl-bis(p-aminophenol)me- 
thane; N\N"-diglycidyl-N-phenylisocyanurate; N,N -diglycidylethyleneurea, N,N'-diglycidyl-5,5-dirnethylhy- 
dantoin, N,N'-diglycidyl-5-isopropylhydantoin, N.N-methylene-bi^N'.N-diglycidyl-^S-dimethylhydantoin), 
1,3-bis(N-glycidyl-5,5-dimethylhydantoin)-2-hydroxypropane, N,N'-diglycidyl-5 f 5-dimethyl-6-isopropyl-5,6-di- 
hydrouracyl. 

The glycidyl compounds can be reacted with aliphatic, cycloaliphatic or aromatic diols to the preferred poly- 
adducts. The thus obtained polyadducts can readily be sulfated according to a known reaction. 

Th glycidyl compounds can also be reacted with primary aliphatic, cycloaliphatic or aromatic monoamines 
(for example, aniline, toluidine, C r C 12 alkylamines and C2-C 12 -hydroxyalkylamines); aliphatic, cycloaliphatic or 
aromatic dicarboxylic acids (for example, maleic acid, adipic acid, trimethyladipic acid, sebacic acid, azelaic 
acid, succinic acid, dodecylsuccinic acid, phthalic acid, ter phthalic acid, AMetrahydrophthalic acid, hexahy- 
drophthalic acid, 4-methylh xahydrophthalic acid, 3,6- ndomethylene-AMetrahydr phthalic acid and 4-me- 
thyl-3,6-endomethylene~ AMetrahydrophthalic acid); or with aliphatic, cycloaliphatic, heterocyclic or aromatic 
di-secondary amines or di-secondary carboxamides (for xample, N.N'-dimethylethyl nediamine, N,N'-dime- 
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thylpropyien -1,3-diamine , N,N-dimethylhexamethylenediamine, N .N'-dicyclohexyihexam ethyl en ediamine, 
N,N\N"-trirn thyldiethyienetriamine, N,N'-diethyIpropylene-1,3-diamine and N-methyl-3 ,5,5-trimethyl-3- 
(methylaminomethyl)cycloheyalamin ), and N,N'-di-methylated or N.N'-diethylated aromatic diamine (for ex- 
ample, m- or p-phenyien diamine, bis(4-aminophenyl)methan or -sulfone, 2,2-bis(4-aminophenyl)propane 
5 and N,N-di-methyi-m-xylylenediamine); as well as ethyleneurea, 5,5-dimethylhydantoin, 5-isopropylhydan- 
toin, N-N-methylene-bis-5,5-dimethylhydantoin, 1,3-bis(5,5-dimethyl)-2-hydroxy-propane or 5,5-dimethyl-6- 
isopropyl-5,6-dihydrouracyl), by polyaddition to give linear polyadducts. 

A complex to be suitable employed according to this invention is one in which the polyadduct contains: 

a) 100 to 5 mol % of identical or different structural units of the formula (I): 

10 

- O - R 3 - O — CH 2 - CH- CH 2 - OR 4 - m 

15 

wherein R 3 and each and independently represents radical of an aliphatic or aromatic diol group which 
radical is diminished by two hydroxyl groups; and 

b) 95 to 0 mol % of identical or different structural units of the formula (II): 

20 -0-R 3 -0-CH 2 -CH-CH 2 -OR 4 - (n) 

OR' 

wherein R 3 and R4 have the same meanings as defined above; R' represents hydrogen, C r C 20 aIkyl group, 
25 C r C 20 acyl or aminocarbonyl which is N-substituted with C 1 -C 20 hydrocarbon group, 
based on the polyadduct 

Suitable polyadducts contain 90 to 20 mol %, preferably 80 to 30 mol %, of the structural units of the formula 
(I) and 80 to 10 mol %, preferably 70 to 20 mol %, of the structural units of the formula (II). 

In a preferred embodiment of the invention, R 3 and R4 are identical groups. R 3 and R4 as aliphatic diol 
30 groups may preferably have 2 to 1 2, most preferably 2 to 8 carbon atoms. The hydroxyl groups may be attached 
to open-chain or cycloaliphatic group. Suitable aliphatic group is typically a linear or branched C 2 -C 12 alkylene, 
C3rC B cycloalkylene, C r C 4 alkyl-substituted C 6 -C a cycloalkyl, cyclohexylmethylene or cyclohexyldimethylene. 

The above groups can specifically be exemplified by ethylene, 1,2- or 1,3-propylene, 1,2-, 1,3- or 1,4-bu- 
tylene, 1,2-, 1,3-, 1,4- or 1 ,5-pentylene, 1,2-, 1,3-, 1,4-, 1,5- or 1,6-hexylene, heptylene, octylene, nonyiene, 
35 decylene, undecylene, dodecylene, 1,3-cyclopentylene, 1,3-or 1,4-cyclohexylene, 2-methyl-1,4-cyclohexy- 
lene and cydohexyl-1 ,4-dimethylene. 

R' as C r C2oalkyl may be linear or branched. R' as acyl may be CrCzoalkyl-CO-, Cs-CgCycloalkyl-CHz-CO-, 
CrC^alkyl-substituted C 5 -C 8 -cycloalkyl-CO, Cg-CgCycloalkyl-CHz-CO-, C r C u alkyl-substituted C r C 8 cy- 
cloalkyl-VHa-CO-, phenyl-CO-, benzyl-CO- or C r C u alkyl-substituted phenyl-CO- or C r C t4 alkyl-substrtuted 
40 benzyl-CO-. The hydrocarbon group in the aminocarbonyl may be C r C2oalkyl-, C 5 -C 8 cycloalkyl-, C r C 15 -alkyl- 
substituted Cg-Cscycloalkyl-, Cg-Cacycloalkyl-CHz-, CrCualkyl-substituted Cs-C 8 cycloalkyl-CH 2 -, phenyl, ben- 
zyl, C 1 -C t4 alkyl-substituted phenyl or C r C 14 a Iky (-substituted benzyl. R' is preferably hydrogen. 

The aromatic diols used for the polyadducts are preferably phenolic groups. The diol groups having phe- 
nolic groups preferably contain 6 to 30, most preferably 6 to 20, carbon atoms. In a preferred embodiment of 
45 the invention, R 3 and each and independently has a group represented by the formula (III): 



so 




wh rein X is a direct bond, C r C 4 alkyl ne, CrC 12 alkylidene, Cg-Cacycloalkylidene, -O-, -S-, -SO-, -S0 2 -, -CO-, 
55 -C0 2 -, -N(C r C 4 aIkyl)- or -Si(CH 3 ) 2 -; R5 and R e each and ind pendently repr sent hydrogen, halog n, C r C 4 al- 
kyl or C r C 4 alkoxy; p is 1 or 2; and y is 0 or 1 . 

X preferably represents a direct bond, methylene, ethylene, C 2 -C 6 alkylidene, cyclohexylidene, cyclopen- 
tylidene, -O- or -S-; R 5 and R e each pr ferably represent hydrogen or methyl; and y is preferably 1 . 
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R3 and R4 ach preferably represent a group of the formula: 




CH, 



CH 




10 



In a composition to be suitably employed according to this invention, the thermoplastic polymer is an at 
least partially sulfated homopolymer or copolymer of an acrylate or methacrylate containing a group of the 
formula: 



is 



I © 

C — OSO3 

I 



20 



in the ester moiety. A preferred complex of this type is one in which the thermoplastic polymer contains: 
a) 100 to 5 mol % of identical or different structural units of the formula (IV): 



25 



-CH 2 -CH- 
CO 

1 » 
0-R 8 — -OSO3 



(IV); s 



and 

30 b) 95 to 0 mol % of identical or different structural units of the formula (V): 

H R 10 
35 I I 

R 9 R 1t 
based on the polymer. 

In the formulae (IV) and (V), R 7 represents hydrogen or methyl; Re represents linear or branched Cj-C^al- 
40 kylene, poly^-CgOxaalkylene) containing 2 to 6 oxaalkylene units, C 5 -C 8 cycloalkyIene, phenylene, benzylene 
or xylylene; or a group of the formula: 



45 -CHa-CH-CHa-Y-Rta 



wherein Y represents -O-, -OCQ- or-N(CrC 4 alkyl)-; R, 2 represents C^C^alkyl, Cg-CVcycloalkyl, C r C 12 alkyl- 
substituted Cg-Crcycloalkyl, phenyl, C r C 12 alkyl-substituted phenyl, benzyl or C r C 12 alkyl-substituted benzyl; 
R9 represents hydrogen, C r C 6 alkyl, -COOR 12 or -COO-; R 10 represents hydrogen, fluorine, chlorine, cyano or 
so C r C 6 alkyl; R t1 represents hydrogen, fluorine, chlorine, cyano, R 12 0-, C r C 12 alkyl, -COO-, -COOR 12 , -COOR 8 - 
OH, -OCO-R 12 or phenyl (R 8 and R 12 have the same meanings as defined above). 

The thermoplastic polymer preferably contains 90 to 20 mol % of the structural unit of the formula (IV), 
most preferably 80 to 30 mol %, and also 80 to 10 mol %, most preferably 70 to 20 mol %, of th structural 
unit of the formula (V). 

55 R 8 as alkylene preferably has 2 to 12, particularly 2 to 8, and most preferably 2 to 6 carbon atoms. Re as 

alkylene typically includes thylen and isomers of propylene, butylene, pentylene, hexylene, heptylene, oc- 
tylene, nonyl ne, decylene, undecylen , dodecylene, tetradecylene, hexadecyl ne and octad cylene, prefer- 
ably thylene, 1,2- and 1,3-propylene, 1,2-, 1,3- and 1,4-butylen , 1,2-, 1,3-, 1,4- and 1,5-pentyleneand 1,2-, 
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1,3-, 1,4-, 1,5- and 1,6-hexylene. 

R 8 as poly(oxaalkylene) preferably has 2 to 4 oxaalkyien units and 2 to 4, more preferably 2 or 3 carbon 
atoms in the aikylene moiety. 

R 8 as cycloalkylene preferably is cyclopentylene or cyclohexylene. 
s Polymers in which R 8 represents a group of the formula: 

I 

~ CH2"" CH~ CH2~ Y - R-|2 

10 

are reaction products of glycidyl esters of poly- or co-poly(meth)acrylic acid with a compound R 12 -Y-H con- 
taining active hydrogen. 

Y preferably represents -O- or -OCO-. R 12 may be linear or branched alkyl having 1 to 18, preferably 1 to 
12, and most preferably 1 to 6 carbon atoms. R 12 as cycloalkyi preferably is cyclopentyl or cyclohexyl. Where 
15 R 12 is CrC^alkyl-substituted cycloalkyi, the cycloalkyi moiety is preferably cyclopentyl or cyclohexyl, and the 
alkyl moiety may be linear or branched and preferably has 1 to 6, and most preferably 1 to 4, carbon atoms. 
Where R 12 is alkyl-substituted phenyl or alkyi -substituted benzyl, the alkyl moiety may be linear or branched 
and has preferably 1 to 6, and most preferably 1 to 4, carbon atoms. 

R 9 is preferably hydrogen. Rg as alkyl preferably is methyl or ethyl. Where R g is -COOR 12 , R 12 is preferably 
20 G r C 12 alkyl, and most preferably Ci-C^alky). 

R 10 as alkyl is preferably (VC^alkyl, typically methyl, ethyl, n-propyl or n-butyl. R 10 is preferably hydrogen, 
chlorine or C^-C^alky!. 

Where Rn is the group R 12 0- ( R 12 is preferably CVC^alkyl more preferably Ct-CBalkyl. Rn as alkyl pre- 
ferably has 1 to 6, and most preferably 1 to 4, carbon atoms. Where R t1 is the group -COOR 12( R 12 is preferably 
25 Ci-C^lkyl, and most preferably C r C 6 alkyl, cyclopentyl or cyclohexyl. Where R n is -OCO-R 12 , R 12 is preferably 
C r C 12 alkyl, and most preferably C,-C 6 alkyl f phenyl or benzyl. 

When R 1t represents the group -COORa-OH, Rs has the same meaning as defined above. 
In a particularly preferred embodiment of the invention, R g is hydrogen, fluorine, chlorine, methyl or ethyl; 
and Rn is fluorine, chlorine, cyano, CrC^alkyl. C^Cealkoxyl, -COO-C^Cealkyl, -COO-R 8 -OH, -OCO-C^Csal- 
30 kyl or phenyl. 

Particularly preferred complex is one wherein, the thermoplastic polymer has the structural units of the 
formula (IV) (wherein R 7 represents hydrogen or methyl; and R 8 represents linear or branched Qj-CeaJkyiene, 
cyclopentylene or cyclohexylene) and the structural units of the formula (V) (wherein Rg represents hydrogen; 
R 10 represents hydrogen or methyl; and Rn represents -COOR 12 or -COORa-OH). 
35 In a more preferred embodiment of the invention, the thermoplastic polymer contains: 

a) identical or different structural units of the formula (VI): 



R15 Rie 

40 -CH 2 -C — C-CHg- (Vr), 

R i7 OSOf 

wherein R 15 , R 16 and R 17 each and independently represent hydrogen, (VQ^alkyl or halogen; 
45 b) identical or different structural units of the formula (VII): 



R18 ^19 

-CH 2 -C==C-CH 2 - (VII), 



50 



wherein R 18 and R 19 each and independently represent hydrogen, CrC^alkyl or halog n; and 
c) identical or differ nt structural units of the formula (VII): 



55 
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-ch 2 -c— c-ch 2 - ( vm), 

R 22 R 21 

wherein R20 represents hydrogen, fluorine, chlorine, cyano or (VCealkyl; R 21 represents hydrogen, fluor- 
ine, chlorine, cyano, R 12 0-, Ci-C^alkyl, -COO-, -COOR 12 , -COORs-OH, -0C0-R 12 or phenyl; and R^ rep- 
resents hydrogen, C r C 6 alkyl, -COOR t2 or-COO- (wherein R a and R 12 have the same meanings as defined 
above). 

The most preferred embodiment of the invention relates to a complex in which the thermoplastic polymer 
is an at least partially sulfated polyvinyl alcohol or a copolymer thereof containing the group: 

-CH- 

d — sof 

Preferably, the complex contains a polyvinyl alcohol copolymer. 
A preferred composition contains: 

a) 90 to 5 mol % of the structural units of the formula (VI): 

H H 

h osqf 

b) 95 to 10 mol % of identical or different structural units of the formula (V): 

H R, 0 

"?-?- <V). 

^9 R 11 

wherein R 9 , R 10 and R„ have the same meanings as defined above. 

Preferably, the copolymer contains 70 to 10 mol %, most preferably 60 to 20 mol % of the structural units 
of the formula (VI), and 30 to 90 mol %, most preferably 40 to 80 mol % of the structural units of the formula 
(V). 

In a particularly preferred complex, R 9 and R 10 each represent hydrogen; and R n represents -OCOR 12 
(wherein R 12 represents C r C 18 alkyl f Cg-CTcycloalkyl, C 1 -C 12 alkyl-substituted Cg-Crcycloallcyl, phenyl, benzyl, 
C r C 12 alkyl-substituted phenyl or C r C 12 alkyl-substituted benzyl. 

The sulfated alcohol group may be present at the terminal end position of the polymer backbone in the 
form of: 

Secondar^CH-O - SO a -M + 

wherein M + represents an alkali metal cation or an ammonium cation; or 

at the side chain in the form of primary-CH 2 -0-SO r M*; or at the middle position in the form of: 

Secondary^CH- O - S0 3 -M + 

wherein M + has the same m aning as defined ab ve, or in the form of: 



8 
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Tertiary • C — O - S0 3 — M* 



5 wherein M + has the same meaning as defined above. 

The ammonium cation may be NH^ + , a protanated primary, secondary or tertiary amine, or quaternary am- 
monium or pyridinium. The primary amine may contain 1 to 18, preferably 1 to 12, and most preferably 1 to 6, 
carbon atoms; the secondary amine may contain 2 to 24, preferably 2 to 12, and most preferably 2 to 8, carbon 
atoms; the tertiary amine may contain 3 to 30, preferably 3 to 18, and most rpeferably 3 to 12, carbon atoms; 

10 and the quaternary ammonium may contain 4 to 36, preferably 4 to 24, and most preferably 4 to 18, carbon 
atoms. 

Preferred thermoplastic polymers are those wherein M + is Li\ Na + or rC, or a group of the formula: 



15 



R13 
I 

Rl5 



16 



20 wherein R 13 , R Uf R 15 and R 16 each and independently represent hydrogen, unsubstituted or hydroxyi-substi- 
tuted C r C 18 alkyl, phenyl, C r C, 2 alkyyl-substituted phenyl, C^C^alky (-substituted benzyl, Cs-CTcycloalkyl, 
(VC^Ikyl-substitutad Cs-Cycycloalkyl; or R 13 and R u may be combined and together represent tetramethy- 
lene, pentamethylene or 3-oxapentylene; and R 15 and R 16 ahve the same meanings as defined above. 
A preferred embodiment of this invention relates to polymers in which at least one of R 13 to R 18 is not hy- 

25 drogen. 

R13 to R 1fl as alkyl may be linear or branched and preferably have 1 to 12, and most preferably 1 to 6, carbon 
atoms. Such groups may typically be examplrfied by methyl, ethyl, n- and isopropyl, n-butyl, isobutyl and tert- 
butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, dodecyl, dodecyl, tetradecyl, hexadecyl and octadecyl. 

R13 to Rie as hydroxyalkyl may be linear or branched and preferably contains 2 to 18, particularly 1 to 12, 
30 and most preferably 2 to 6 carbon atoms. Such groups may typically be exemplified by 2-hydroxyethyl, 1- or 
2-hydroxypropyl, 1 -hydroxy butyl and 1 -hydroxy hexyl. 

The alkyl-substituted phenyl and alkylrsubstituted benzyl can be exemplified by methylphenyl, dimethyl- 
phenyl, ethylphenyl, n- or isopropylphenyl, n-, iso- or tert-butylphenyl, hexylphenyl, octylphenyl, decylphenyl, 
dodecyiphenyl and suitably alkyl-substituted benzyl. 
35 R 13 to R 1B as cycloalkyl are preferably cyclopentyl or cyclohexyl. 

R 13 to R 16 as alkylcycloalkyl each are preferably C r C 12 alkyl-substituted cyclopentyl or Ct-C^alkyl-substi- 
tuted cyclohexyl. 

Most preferably, R 13 to R 16 each represent (VCealkyl. 

The thermoplastic polymers which can suitably be used according to this invention may be prepared by 
40 a known method by reacting a thermoplastic polymer having film-forming properties and containing an alcohol 
group in the repeating structural unitthereof with S0 3 in an inert solvent, and neutralizing the reaction mixture 
with an alkali metal base or an ammonium base, followed by isolation of the polymer. 

The above method is known. For example, S0 3 can be introduced in the gaseous form into the reaction 
mixture. It is advantageous to use a commercially available pyridine/S0 3 complex. 
45 Suitable inert solvents are preferably polar aprotic solvents. Asuitable solvent is selected depending mainly 
on the solubility of the hydroxy! group-containing polymer. The solvent may be used singly or as a mixture of 
at least two solvents. Suitable solvents may typically be exemplyf ied by ethers such as dibutyl ether, tetrahy- 
drofuran, dioxane, methylene glycol, dimethyl ethylene glycol, dimethyl dimethylene glycol, diethyl diethylene 
glycol and dimethyl Methylene glycol; halogenated hydrocarbons such as methylene chloride, chloroform, 1,2- 
so dichloroethane, 1,1,1-trichloroethane and 1,1,2, 2-tetrachloroethane; and lactones such as^butyrolactone, o- 
valerolactone and pivalolactone; carboxamide and lactams, for example, N t N-dimethylformamide, N,N-diethyl- 
formamide, iM,N-dimethylacetamide, N-methyi-^butyrolactam, N-msthyl-s-caprcIactam, N-methylpyrroli- 
done, N-acetylpyrrolidon , tetramethylurea and hexamethylphosphoramide; sulfoxide such as dimethyl sulf- 
oxide, sulfon s such as dimethyl sulfone, diethyl sulfone, trimethyl sulfone and tetramethyl n sulfon ;N-me- 
55 thylpyrrolidine, N-methylpiperidine, N-methylmorpholine; and substituted b nzenes such as benzonitrile, 
chlorob nz ne, o-dichlorobenzene, 1,2,4-trichlorobenzene and nitrobenzene. 

Th reaction temperature is, for example, in the range of 20 to 150°C, preferably 40 to 100°C. The reaction 
time is about 5 to 10 hours. After completion of the reaction, the reaction mixture is neutralized with an alkali 
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metal base or ammonium hydroxide when a gaseous S0 3 is used, or with an aqueous or organic solvent sol- 
ution of an amine hydroxide. When an amine/S0 3 complex, for example, a pyridine/S0 3 complex is used, the 
corr sponding ammonium salt is formed. The thus obtained ammonium salt can directiy be used in the elec- 
trochemical process. It is also possible to replace th ammonium groups in the salts by stronger bases. The 

5 salts of the sulfated polymers are usually precipitated with water. The polymer is then isolated by filtration, and 
can be purified by washing with water or an organic non-solvent, followed by drying. 

The polyolefins can also be prepared, for example, by radical polymerization of acrylates ormethacrylates 
containing -O-S0 3 lvr in the ester moiety without or together with olefin comonomers. 

Suitable salts of the sulfated alcohol group-containing polymers also have t her mo plasticity. Compared 

10 with the starting polymers, their glass transition temperature is substantially unchanged, and the latter can be 
distinguished from the former by the mechanical properties such as the higher tensile and flexual strength 
and high flexibility These salts are polyan ions which are very suitable for the electrically conductive pot ycations 
of polyheteroaromatic compounds. 

The electrically conductive polymer complex to be used according to this invention can be prepared in a 

15 manner known per se by subjecting a polyheteroaromatic compound to electrochemical polymerization in an 
aqueous, aqueous-organic or organic solvent in the presence of a salt of a sulfated alcohol group-containing 
polymer, followed by separation of the complex from the anode. The complex is normally deposited in the form 
of film which, depending on the duration of electrochemical polymerization and current density, may have a 
thickness of, for example, 1 to 500 urn or 10 to 300 urn. A continuous film can readily be formed by carrying 

20 out the electrochemical polymerization continuously. 

The electrochemical polymerization can be carried out potentiostatically or glavanostatically. Suitable 
anode materials are, for example, metals such as titanium, nickel, platinum and steel, or ITO glass. The current 
density can be, for example, from 0.5 to 20 mA/cm 2 , preferably from 1 to 5 mA/cm 2 . 

The electrochemical polymerization can also be carried out in water or in an aqueous-organic solvent The 

25 concurrent use of buffers is expedient. Suitable buffers are typically alkylammonium phosphates having 1 to 
3, preferably 2 or 3 alkyl groups in the ammonium moiety, which alkyl group may contain 1 to 6, preferably 1 
to 4 carbon atoms. Suitable buffers typically include, for example, trimethylammonium phosphate, triethylam- 
monium phosphate, tri-n-propylammonium phosphate and tri-n-butyl-ammonium phosphate. Suitable buffers 
are protonated form of cation exchangers. 

30 It is also possible to add to the reaction mixture further substances which deposit concurrently on the 

anode, for example, anionic plasticizers or anionic dyes. 

After completion of the electrochemical polymerization, the resulting composition can be separated or peel- 
ed off from the anode in the form of film and purified by washing with a solvent. 

The present composition usually has a high electric conductivity of 0.1 S/cm or more. Further, the com- 

35 position has valuable mechanical properties such as high toughness, tensile strength, flexual strength and flex- 
ibility. The composition surprisingly has a low glass transition temperature, and therefore it can be subjected 
to thermoplastic molding without losing its electrical conductivity even at a low polyanion concentration. 

The present composition can be processed by methods for thermoplastic polymers, for example, by mold- 
ing methods, particularly preferably drawing methods (deep drawing) at a temperature of not higher than the 

40 melting and decomposition temperatures within the range of the glass transition temperature. 

Electric conductivity is increased by the drawing as well as mechanical strength. When the composition 
is subjected to drawing, for example, at 100°C, the electric conductivity of the complex may occasionally be 
increased to 5 times as much as that of the undrawn composition. 

The sheet-like heating element according to this invention can be used as such in the form of film or to- 

45 gether with a support. Lamination of the film onto the support can readily be carried out by means of a heat 
roll, heat press, etc. The processing is carried out at a temperature of higher by 10°C than the glass transition 
temperature and below the decomposition temperature of the polyanion. The pressure to be applied during 
processing is such that the film itself may not be damaged and preferably 50 kg/cm 2 or less. Metal terminals 
fitted to the electrically conductive composition can be exemplified by metal nets, metal ribbons or metal wires. 

so The metal forthe metallic terminals includes conductive and resistant metals, such as gold, silver, copper, stain- 
less steel, etc. These metals can readily be fixed to the electrically conductive complex film only by t her mo- 
compression bonding with good electrical contact achieved therebetween. Application of a conductive paste 
such as a silver paste and a carbon past onto th metal terminals fixed by therm compression bonding is 
preferred so as to achieve connnection with substantially no contact resistanc . Suitable supports may also 

55 be metal alloys. 

Other suitable supports are dielectrical materials such as ceramics, glass, minerals, wood, inorganic car- 
bides and nitrides and plastics; or semiconductive materials such as from Be, B and Si. 

Th thickness of the electrically conductiv composition can asily be adjust d by controlling the duration 
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of electrochemical polymerization. While the sheet-like heating elem nt preferably has a thickness of 5 mm 
or less, the present heating element more preferably has a thickness of 1 mm or less since it has high electric 
conductivity. The thickness may be from 0.01 to 5 mm, preferably 0.1 to 1 mm. The thickness of coatings may 
be from 0.01 to 1mm, preferably 0.01 to 1 mm. 
5 The present sheet-like heating element can be used at a temperature below the decomposition tempera- 

ture of the polyanion, preferably below the glass transition temperature of the polyanion, more preferably at 
100°Corless. 

Sheet-like heating elements having different properties can be formed by changing the kind of polyanion. 
For example, a composition prepared by using a butadiene derivative as the polyanion has very high ductility, 
10 providing excellent workability. Meanwhile, a composition prepared by using an analog of polyvinyl chloride 
as the polyanion can impart flameretardancy to the heating element. 

The present sheet-like heating element can be utilized for example, for industrial applications, as a heating 
source for constantly heating reaction vessels at a mild temperature or for evaporating low-boiling point sol- 
vents, or in the apparatus which are liable to be corroded by seawater or by watering; for agricultural applica- 
15 tions, as a heating source for growing crops under heat insulation; and for domestic applications, as a defroster 
at high humidity places such as washroom and the like, a stool seat warmer, an electric carpet, an electric blan- 
ket, etc. 

The sheet-like heating element according to the invention has excellent mechanical properties high sta- 
bility against chemicals, high electric conductivities. Moreover it shows excellent workability and adhession to 
20 metals. Accordingly, metal terminal bonding in the process of manufacturing said heating elements can notably 
simplified. 

The heating elements show surprisingly an uniform temperature distribution over the surface and an es- 
sentially linear increase of the surface temperature with increasing applied electric power. 
The following examples illustrates the invention in more detail. 

25 

Example 1 

A potentiostatic electrolytic polymerization is carried out at a current density of 2 mA/cm 2 applied across 
a pair of stainless steel electrodes disposed to oppose each other at an interval of 2 cm, using an electrolytic 
30 solution prepared by adding, as the polyanion, 0.05 molar concentration of tri butyl ammonium salt of a sulfated 
polyadduct of bisphenol Adiglycidyl ether and bisphenol A: 



35 




(hereinafter referred to as s-PHE) (molar ratio (MR) of the sulfated alcohol groups in the poiyanionic structural 
40 unit to the entire structural repeating unit: 0.125), 10 ml of pyrrole and 2 ml of water to 200 ml of propylene 
carbonate to form a polypyrrole film on the anode. 

The thus formed polypyrrole film is separated from the anode and washed first with propylene carbonate 
and then with ethanol, followed by drying at 50°C. The polypyrrole film is determined for breaking strength 
and elongation at break at room temperature using a Mine Materials Tester manufactured by PL Thermal Sci- 
45 ence, while electrical conductivity is determined by four probe method. The results are as shown in Table 1. It 
can be seen from Table 1 that the present sheet-like heating element has excellent mechanical properties. 

Next, a sheet-like heating element is prepared by fixing electrodes to the above polypyrrole film, and a 
0.1 A direct current was applied thereacross to measure power output. The result is as shown in Table 1. 
Workability of the polypyrrole film is tested by subjecting the film to die formability test under heating to 
so 90°C to find that the polypyrrole film can be molded into arbitrary shapes. The result of workability test is as 
shown in Table 1. 

Example 2 

55 A polypyrrole film is formed by electrolytic polymerization using an electrolytic solution prepar d in the 

same manner as In Exampl 1 except that 0.05 molar concentration of tributylammonium salt of s-PHE having 
a MR of 0.167 is used as the polyanion, and ash et-like h ating element is prepar d using the thus obtained 
polypyrrole film. Film thickness, breaking strength, elongation at break, electric conductivity and processability 
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of the polypyrrolefilm, and power output of the resulting sheet-like heating lementare determined in the same 
manner as in Example 1. The results are shown in Tabl 1. 



A polypyrrole film is formed by electrolytic polymerization using an electrolytic solution prepared in the 
same manner as in Example 1 except that 0.05 molar concentration of tributylammonium salt of s-PHE having 
a MR of 0.5 was used as the polyanion, and a sheet-like heating element is prepared using the thus obtained 
polypyrrolefilm. Film thickness, breaking strength, elongation at break, electric conductivity and processability 
of the polypyrrolefilm, and power output of the resulting sheet-like heating element are determined in the same 
manner as in Example 1. The results are as shown in Table 1. 



A polypyrrole film is formed by electrolytic polymerization using an electrolytic solution prepared in the 
same manner as in Example 1 except that 0.05 molar concentration of tributylammonium salt of s-PHE having 
a MR of 1.0 is used as the polyanion, and a sheet-like heating element was prepared using the thus obtained 
polypyrrole film. Fflm thickness, breaking strength, elongation at break, electric conductivity and processability 
of the polypyrrole film, and power output of the resulting sheet-like heating element are determined in the same 
manner as in Example 1. The results are as shown in Table 1. 



A polypyrrole film is formed by electrolytic polymerization using an electrolytic solution prepared in the 
same manner as in Example 1 except that 0.05 molar concentration of tributylammonium salt of a sulfated poly- 
butadiene (s-BUT) of the formula 



is used as the polyanion, and a sheet-like heating element is prepared using the thus obtained polypyrrole 
film. Film thickness, breaking strength, elongation at break, electric conductivity and processability of the poly- 
pyrrole film, and power output of the resulting sheet-like heating element are determined in the same manner 
as in Example 1. The results are as shown in Table 1. 

Comparative Example 1 

A polypyrrole film is formed by electrolytic polymerization using an electrolytic solution prepared in the 
same manner as in Example 1 except that 0.05 molar concentration of tributylammonium salt of polystyrene- 
sulfonic acid (PSS) is used as the polyanion, and a sheet-like heating element is prepared using the thus ob- 
tained polypyrrole film. Film thickness, breaking strength, elongation at break, electric conductivity and proc- 
essability of the polypyrrolefilm, and power output of the resulting sheet-like heating element are determined 
in the same manner as in Example 1. The results are as shown in Table 1. 

Comparative Example 2 

A polypyrrole film is formed by electrolytic polymerization using an electrolytic solution prepared in the 
same manner as in Example 1 except that 0.05 molar concentration of tributylammonium salt of p-toluenesul- 
fonic acid (TS) is used as the polyanion, and a sheet-like heating eiem nt is prepared using the thus obtained 
polypyrrole film. Film thickness, breaking strength, elongation at break, electric conductivity and processability 
of the polypyrrolefilm, and power output of the resulting sheet-like heating element are determined in the same 
manner as in Example 1. The results are as shown in Table 1. 



Example 3 



Example 4 



Example 5 
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Example 6 

A 1,300 mm x 600 mm piece is cut out of the polypyrrole film obtained in Example 2, and electrodes are 
bonded to each end thereof using a silver paste to provide a sheet-like heating element. Heat is generated by 
applying an electric current across the electrodes so as to determine temperature distribution at 12 points on 
the sheet-like heating element It is thus found that the difference between the maximum temperature and 
the minimum temperature at an average surface temperature of 40°C is ±2°C. 

When an electric current of 700 mA is applied across the electrodes of the sheet-like heating element, the 
heating element gives a power output of about 1 .9 W and a surface temperature of 63°C. The heating element 
has an uniform surface temperature distribution. 

Example 7 

When the polypyrrole film obtained in Example 1 is heated to 180°C and laminated onto a stainless steel 
net by compression bonding, the polypyrrole film shows very good adhesion to the support Application of a 
carbon paste onto the stainless steel net gives an ohmic contact with no contact resistance. Accordingly, it 
can be seen that bonding of metal terminals in the process of manufacturing heating elements can notably be 
simplified. 

Comparative Example 3 

When the polypyrrole films obtained in Comparative Examples 1 and 2 are laminated onto stainless steel 
nets in the same manner as in Example 7, respectively, these polypyrrole films show no adhesion. 



Table 1 





Poly- 
anion 


MR 


Conduc- 
tivity 
(S/cm) 


Film thickness 
(um) 


Breaking 
strength 
(MPas) 


Elonga- 
tion at 
break (%) 


Workability 


Power 
out-ut 
(mW) 


Example 1 


s-PHE 


- -0.125 


11.3 


90 


112 


115 


good 


98 


Example 2 


s-PHE 


0.167 


11,8 


62 


120 


160 


good 


137 


Example 3 


s-PHE 


0.5 


14.9 


95 


128 


130 


good 


71 


Example 4 


s-PHE 


1.0 


15.2 


100 


62 


33 


good 


66 


Example 5 


s-BUT 


0.2 


23.3 


120 


189 


295 


good 


36 


Control 1 


PSS 


1.0 


4.1 


85 


17 


3 


bad 


287 


Control 2 


TS 




80 


40 


65 


40 


bad 


3 



Since the sheet-like heating element according to this invention has excellent mechanical properties, work- 
ability and a high conductivity of 1 S/cm or more and also shows uniform temperature distribution when an 
electric power is applied and excellent adhesion with metals, metal terminal bonding in the process of manu- 
facturing heating elements can notably be simplified. 



Claims 

1. A sheet-like heating element prepared by using an electrically conductive polymer composition compris- 
ing: 

a) a polycation of a polyheteroaromatic compound; and 

b) a polyanion of a thermoplastic polymer containing a sulfated alcohol group in the repeating structural 
unit there f and having film-forming properties. 

2. The sheet-like heating element according to Claim 1 ( wher in the polyh teroaromatic compound is a hom- 
opolymer or copolymer of a compound sel cted from the group consisting of pyrroles, thiophenes, furans 
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and derivatives thereof. 

The sheet-like heating element according to Claim 1, wherein the electrically conductive polymer complex 
contains the structural unit of sulfated alcohol group-containing thermoplastic polymer in an amount 0.1 
to 0.5 per structural unit of the polyheteroaromatic compound. 

The sheet-like heating element according to Claim 1 , wherein the thermoplastic polymer has a glass tran- 
sition temperature of -100 to 250°C. 

The sheeUike heating element according to Claim 1, wherein the molar ratio of the free alcohol group to 
the sulfate alcohol group in the thermoplastic polymer is 50:1 to 1 :50. 

The sheet-like heating element according to Claim 1, wherein the thermoplastic polymer is an at least 
partially sulfate polyadduct of: 

a) a glycidyl compound having on an average more than one epoxy group; and 

b) a diol which contains in the polymer chain thereof a group of the formula: 



-CH- 



OSO^ 



wherein said polyadduct contains: 

a) 100 to 5 mol % of identical or different structural units of the formula (I): 



-O-R3-O — CH 2 - CH- CH 2 - OR 4 - 
OSO? 



(D 



wherein R 3 and R4 each and independently represent a radical of an aliphatic or aromatic diol group 

which radical is diminished by two hydroxyl groups; and 

b) 95 to 0 mol % of identical or different structural units of the formula (II): 



-O-R3-O — CH 2 - CH- CH 2 - OR 4 - 

6r* 



(ID 



wherein R 3 and R4 have the same meanings as defined above; R' represents hydrogen, a ^ -Chalky I 
group, a Cj-Czoacyl or an aminocarbonyl N-substituted with Ct-C^hydrocarbon group, based on the 
polyadduct 

The sheet-like heating element according to Claim 6, wherein R3 and R* each and independently represent 
a group of the formula (III): 




(HI) 



wherein X represents a direct bond, a C r C 4 alkylene group, a C r C 12 alkyliden group, a C5-C e cycloalky- 
lidene group, -0-, -S-, -SO-, -S0 2 -, -CO-. -CO2-, -N(C r C 4 alkyl)- or -Si(CH 3 )2-; Re and Re each and inde- 
pendently represent a hydrogen atom, a halogen atom, a Ci^alkyl group or a C 1 -C 4 alkoxy group; p is 1 
or 2; and y is 0 or 1 . 

The sheet-like heating element according to Claim 6, wherein R 3 and R4 each and independently repre- 
s nts a group of the formula 
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The sheet-like heating element according to Claim 1, wherein the thermoplastic polymer is an at least 
partially sulfated homopolymer or copolymer of an acrylate or methacrylate which contains a sulfated al- 
cohol group in the ester moiety. 

. The sheet-like heating element according to Claim 9, wherein the thermoplastic polymer contains: 
a) 100 to 5 mol % of identical or different structural units represented by the formula (IV): 



-CH 2 -CH- 

CO (IV), 
0-R a — OSC§ 

wherein R 7 represents a hydrogen atom ora methyl group; R 8 represents a linear or branched C 2 -C 18 al- 
kylene group, a poly(C 2 -C e oxaalkylene) group having 2 to 6 oxaalkyiene units, a Cg-Cacycloalkylene 
group, a phenylene group, a benzilene group, a xylilene group or a group of the formula: 



-CH 2 -CH-CH 2 -Y-R t2 

wherein Y represents -O-, -OCO- or -N(C r C 4 alkyl)-; R t2 represents a C r C 18 alkyl group, a Cb-CtCv- 
cloalkyl group, a C r C 12 alkyl-substituted Cg-CTcycloalkyl group, a phenyl group, a C^C^alkyl-substi- 
tuted phenyl group, a benzyl group ora C r C 12 alkyl-substituted benzyl group; and 
b) 95 to 0 mol % of identical or different structural units of the formula (V): 

II 10 

(V), 



Rq r 



11 



wherein R 9 represents a hydrogen atom, a C r C fl alkyl group, -COOR 12 or-COO-; R 10 represents a hy- 
drogen atom, a fluorine atom, a chlorine atom, a cyano group or a C r CeaJkyi group; R^ represents a 
hydrogen atom, a fluorine atom, a chlorine atom, a cyano group, R 12 0-, C r C t2 alkyl group, -COO -, 
-COOR 12 , -COORe-OH, -OCO-R 12 or a phenyl group (wherein Ra and R 12 have the same meanings as 
defined above). 

The sheet-like heating element according to Claim 1, wherein the thermoplastic polymer is an at least 
partially sulfated homopolymer or copolymer of a polyene which contains a sulfated alcohol group in the 
molecule. 

The sheet-like heating element according to Claim 11, wherein the thermoplastic polymer contains: 
a) identical or different structural units of th formula (VI): 



^15 ^16 
■CH*-C — C-CH 9 - 



R 17 OScf 



(VI), 
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wherein R 15 , R 16 and R t7 each and independently represent a hydrogen atom, a CrC^alkyl group or 
a halogen atom; 

b) identical or different structural units of the formula (VII): 



wherein R 18 and R 19 each and independently represent a hydrogen atom, a CrC^alkyl group or a ha- 
logen atom; and 

c) identical or different structural units of the formula (VIII): 



wherein R^ represents a hydrogen atom, a fluorine atom, a chlorine atom, a cyano group or a C r C 6 alkyl 
group; and R 21 represents a hydrogen atom, a fluorine atom, a chlorine atom, a cyano group, R 12 0-, a 
C r C 12 alkyl group, -COO, -COOR 12 , -COOR^-OH, -OCO-R 12 or a phenyl group; and R 22 represents a 
hydrogen atom, a Chalky! group, -COOR 12 or -COO (wherein R 8 and R 12 have the same meanings 
as defined above). 

A process for preparing a sheet-like heating element, which comprises forming the electrically conductive 
polymer composition as claimed in Claim 1 into a sheet with or without a support by means of a heat roll 
or a heat press. 

A process for preparing a sheet-like heating element, wherein the film of the electrically conductive poly- 
mer composition as claimed in Claim 1 is subjected to thermocompression bonding with a conductive or 
resistant metal 

A sheet-like heating element in the form of an electrically conductive polymer composition with or without 
support comprising 

a) a poiycation of a polyheteroaromatic compound and 

b) a polyanion of thermoplastic polymer containing a sulfated alcohol group in the repeating structural 
unit thereof and having film-forming properties, whereby the element is connected with a positive and 
negative electrode. 

The use of an electrically conductive polymer composition with or without support comprising 

a) a poiycation of a polyheteroaromatic compound and 

b) a polyanion of thermoplastic polymer containing a sulfated alcohol group in the repeating structural 
unit thereof and having f ilrrvforming properties in the form of a sheet or film or a support coated with 
said polymer composition, which is connected with a positive and negative electrode, as an heating 
element. 

A process for heating the environment with a heat source, wherein an electrically conductive polymer com- 
position with or without support comprising 

a) a poiycation of a polyheteroaromatic compound and 

b) a polyanion of thermoplastic polymer containing a sulfated alcohol group in the repeating structural 
unit thereof and having film-forming properties is connected with two electrodes, and applying electri- 
cal power to h at the sheet-lik heating element 




(VII), 



H 



R 



'20 




(vin), 
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